39
influence of the pollution factor on the environment by using a redox reaction or leaching and 40 extraction. The new substances generated by the redox reaction weaken or neutralize the toxicity 41 of the soil, and leaching and extraction greatly reduce the concentration of the pollution factor in 42 the environment; both methods can make the pollution factor less harmful or completely harmless 43 to the environment (Tzaitang et al. 2009; Gómez et al. 2010; Jinlan et al. 2011). However, 44 leaching and extraction methods damage soil sustainability, even when high-efficiency composite 45
solvents are used and the process is optimized. 46
Biological treatments do not use chemical reagents, so secondary pollution does not occur. 47
Although biological treatments have drawbacks, such as decreased processing efficiency, they 48 enhance the self-purification ability of the soil and degradation by microorganisms or enrichment 49 by plants that degrade or naturally consume mechanical oils (Khan et al. 2013) . 50
In the soil, microbial degradation methods improve microbial population diversity, promote 51 material circulation (He et al. 1997; Jim 2009) , and reduce the impact of pollutants (Potthoff et al. 52 2006; Chandra et al. 2013 ) by the addition of exogenous microorganisms or strengthening of the 53 original microorganisms. Therefore, a combination of chemical and biological treatments can not 54 only increase scheme applicability but also greatly change the status quo of remediation of sites 55 polluted by mechanical oils in China (Sutton et al. 2011). 56 In this study, we used a combination of solvent extraction and indigenous microbial 57 degradation to effectively remove high concentration of pollutants and reduce the damage caused 58 by the solvent in contaminated soil at an oil storage site. The original strain was isolated from 59 paste sludge at the oil storage site, and the contaminated soil was used for domestication and 60 acclimation of the strain. After the pollution factors were degraded using bio-enzymes and 61 surfactants (Banat 1995; Pornsunthorntawee et al. 2008; Abbasian et al. 2015; Varjani and 62 Upasani 2016), which are metabolized by the domesticated microorganisms, the soil quality and 63 plant growth indicators before and after the treatment were compared to verify the repair effects of 64 the combined technology on the contaminated soil. The soil quality and plant growth indexes were 65 used to study the mechanism underlying soil remediation by solvent extraction-indigenous 66 microbial degradation technology, and the high concentration of mechanical oil in the 67 contaminated soil at an actual oil storage site was studied, which greatly improved the theoretical 68 significance and practical application of this study. 69 70
Materials and Methods 71
Materials 72
Primitive soil 73
Dark brown soil was collected from 70-100 mm below the surface of the right side of a collection 74 pool in the oil storage workshop of an assembly plant in Jiulongpo District, Chongqing City. The 75 smell of mechanical oil was obvious during collection. The soil sample was sealed and stored in a 76 self-sealing bag and air-dried in a fume hood in the laboratory for 72 h. Then, impurities such as 77 stone particles were removed, ground into a powder, passed through a 0.425 mm sieve, and stored 78 in a reagent bottle labelled S0. According to a third-party agency (Green Earth, Wuxi, Jiangsu 79
Province, China), the mechanical oil content of the soil was 8.43%, of which lipids accounted for 80 the largest proportion. 81
Preparation oil 82
According to the concentration and type of pollutants in the original soil and mass ratio of 83 heavy-duty gear oil:waste hydraulic oil:diesel (5:3:2), n-hexane was used as the solvent to prepare 84 simulated mixed soil for domestication of the microorganisms. All the raw materials for the media 85
were purchased from Chongqing Laibosi Biotechnology Co., Ltd, Chongqing, China.
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Enrichment, primary screening, and re-screening 89
For enrichment, paste sludge from the oil storage site was inoculated into 100 ml of inorganic 90 salt medium, placed in a constant-temperature shaking incubator, and incubated at 180 rpm and 28 91°C for 5 days. For primary screening, 10 ml of the enriched culture solution was added to 250 ml 92
Erlenmeyer flask of fresh inorganic salt medium (100 ml in each flask); heavy-duty gear oil, waste 93 hydraulic oil, and diesel oil (0.5 ml each) were added to individual flasks and tested separately; the 94 flasks were incubated at 180 rpm and 37 °C for 5 days; and this process was repeated 7 times. 95
Then, the mixture was diluted, and 1 ml of the mixture was spread on nutrient agar plates and 96 cultured at 37 °C for 24 h. The best-growing strain was selected and transferred to a sterile test 97 tube containing nutrient agar. After primary screening, 0.5 ml of preparation oil was added to 10 98 ml of the culture solution and fresh inorganic salt medium and incubated at 180 rpm and 37 °C for 99 5 days; this step was repeated 7 times. The strain that showed good growth (measured for 48 h) 100 and the highest degradation rate in 5 days was selected as the test strain and transferred to a sterile 101 test tube containing nutrient agar.
102
Domestication of the test strain 103
The test strain was added to an Erlenmeyer flask containing the inorganic salt medium and 104 mixed mechanical oil and cultured in a constant temperature water bath at 28 °C and 180 rpm for 105 24 h. The bacterial solution was used as the seed liquid. Next, 10 g of the simulated mixed soil 106 was placed in a 250 ml Erlenmeyer flask; sterilized inorganic salt medium was added at a 107 solid:liquid ratio of 1:10 and inoculated with 10 ml of the seed liquid; the flask was incubated at 108 37 °C and 140 rpm for 5 days; and the process was repeated 7 times to obtain a domesticated 109 strain. 110
Identification of the domesticated strain 111
Submitted to a third party (Shanghai Majorbio Bio-pharm Technology Co.,Ltd.) for 112
inspection. 113 114
Solvent extraction of the contaminated soil 115
Using petroleum ether as the extraction solvent, the original contaminated soil, S0, was 116 extracted twice by using 40 kHz ultrasonic power, 1:5 solid:liquid ratio, and 20 min extraction 117 time, and the treated soil was labelled S1. 118 119
Microbial inoculation of the contaminated soil 120
The domesticated strain was inoculated in nutrient agar and cultured for 18 h to prepare the 121 seed liquid, 1 ml of which was inoculated into the degradation medium (0.5 ml of preparation oil 122 was added to fresh inorganic salt medium) and cultured in the constant-temperature incubator for 123 24 h to obtain the culture solution. To prepare the solvent extraction-indigenous microbial 124 degradation soil labelled S2, S1, culture solution, and deionized water (1:1:2) were incubated for 125 30 days in a custom-made ceramic pot (50 cm long, 15 cm wide, and 15 cm deep) with a lid. 126 127
Soil quality test 128
The soil quality of S0, S1, and S2 was evaluated (Tian and Feng 2008; Harris 2010) . The 129 mechanical oil content in the soil was analyzed using gas chromatography-mass spectrometry 130 (GC-MS); organic matter content in the soil, potassium dichromate method (Nelson et al. 1996; Ji 131 2005); water-holding capacity, centrifugation (Wang et al. 2007; Gao et al. 2010; Xing et al. 2016) 132 and soil microstructure, scanning electron microscopy (SEM).
134
Plant growth test 135 S0 and S1 were prepared (1:3 soil:deionized water) and placed (4 kg each) in planting pots; 136 the lids were closed for 30 days. Then, alfalfa was planted in the pots containing S0, S1, and S2 (4 137 kg of soil in each planting pot). After 45 days, root and leaf growth of the plants was observed, 138
and physiological and biochemical indexes of the plants were examined to evaluate the effects of 139 the soil on the plants after solvent extraction-indigenous microbial degradation. 140
Root vitality 141
Determination of plant root activity by reducing triphenyltetrazolium chloride(TTC) 142
method (Joslin and Henderson 1984; Yu 1992; Bat et al. 1994 Hydrogen peroxide content, 155
Determination of hydrogen peroxide content by using method of ferrous oxidation of xylenol 156 orange (FOX1 assay) (Bleau et al. 1998; Bou et al. 2008 ).
158
Determination of mechanical oil content in the soil 159
Pretreatment 160 The Soxhlet extraction method was used to extract the mechanical oil from the soil samples. 161
Acetone:hexane (1:1) was used for the extraction (Siddique et al. 2006; Saari et al. 2007) , and 162
petroleum ether was used as the extractant. The extraction solvent was evaporated to dryness 163 under reduced pressure by using a rotary evaporator, and the material remaining after 164 volatilization was dissolved in 10 ml of n-hexane to ensure uniform dilution for GC-MS. 165
Sample analysis 166
The pretreated samples were analyzed using GC-MS to determine the total concentration of 167 the C10-C40 extract. HP-5 quartz capillary column (30 m × 0.25 mm × 0.25 μm) was used; the 168 carrier gas was N 2 , and the temperature control range was 45-310 °C. Results 180
Screening and domestication of indigenous microbes 181
The heavy-duty gear oil, waste hydraulic oil, and diesel oil were separately screened to obtain 182 19 strains; then, the mixed mechanical oil was re-screened, and 6 strains were obtained ( Fig. 1 and  183 Table 1). The biomass of 6 strains reached OD 600 > 0.3, i.e., CFU/ml > 3.0E+9, wherein the 184 biomass of G-1, G-6, and H-6 exceeded 4.0E+9 CFU/ml (the precise biomass of H-6 was 3.98E+9 185 CFU/ml). The degradation rate of the 6 strains in 5 days was H-6 > G-3 > G-6 > H2 > H5 > G-1. 186
Although the biomass values of G-1 and G-6 were higher than that of H-6, the degradation rate of 187
G-1 was the lowest (1.63%) among the 6 strains, and the degradation rate of G-6 was much lower 188
than that of H-6. Because H-6 showed the highest degradation rate (5.62%) and its biomass was 189 higher than 4.0E+9 CFU/ml, it was selected for domestication and labelled as Test Bacteria-6 190
(TB-6). 191
Using the original strain H-6 as the control, the domesticated strain was inoculated in nutrient 192 agar, cultured for 48 h to prepare the seed liquid and 10 ml of the seed liquid was mixed with the 193 inorganic salt culture solution containing mixed mechanical oil and cultured for 5, 10 and 15 days. 194
The effects of domesticated strain TB-6 on the degradation rate of mixed mechanical oil and 195 segmentation of the petroleum hydrocarbon carbon chains were evaluated (Table 2 and Fig. 2 ).
196
The biomass of strain TB-6 increased by 6.3% after acclimation. The degradation rate of 197 mixed mechanical oil was 8.15%, which was 46.26% higher than that before acclimation, and the 198 degradation of mixed mechanical oil increased as the degradation time increased (17.99% in 10 199 days and 30.67% in 15 days; Table 2 ). After 15 days, the total content of the mixed mechanical oil 200 decreased from 531.7 mg/g to 368.6 mg/g when compared with the control group, and the 201 degradation rate was 30.67% (Fig. 2) . The carbon chain length of C15-C28 decreased by 24.9%, 202
i.e., 132.4 mg/g and that of C29-C40 by 7.52%, i.e., 40.0 mg/g and that of C10-C14 increased by 203
1.75%, i.e., 9.3 mg/g. In summary, the domestication of indigenous microorganisms was effective. 204
The degradation rate of mixed mechanical oil by TB-6 increased as the degradation time increased, 205
and TB-6 mainly degraded the medium-and long-chain petroleum hydrocarbons. 206 207
Characteristics of the TB-6 strain 208
The morphological characteristics of the TB-6 strain are listed in Table 3 . The colonies are 209 small, round, and milky white with a smooth surface, moist luster, neat edge, and no rough 210
branches. The whole body is translucent. After Gram staining, obvious pink bacteria can be 211
observed under the microscope. The single granule of the bacteria is dispersed, and short rods can 212
be mostly observed.
213
The physiological and biochemical results of strain TB-6 are listed in Table 4 . Enterobacter 214 TB-6 is a facultative, fermentative anaerobic gram-negative bacterium, and the V-P and indole 215 tests yielded negative results. TB-6 cannot hydrolyze starch, but it can produce H 2 S. It can use 216
citric acid and has a hydrogen peroxide catalyst. Methyl red, oxidase, and nitrate reduction tests 217
yielded positive results. The optimum growth pH of the strain is 6.5-7.0, and the optimum growth temperature is 36-39 °C. The accession number for TB-6 in the GenBank database is MK509013. 219 220 221
Effects of solvent extraction-indigenous microbial degradation on mechanical oil content in 222 the soil 223
The mechanical oil contents in soils S0 and S1 before and after solvent extraction are shown 224
in Fig. 3 . The mechanical oil content in S0 was 84.3 mg/g, mechanical oil content in S1 after 225 solvent extraction was 2.5 mg/g, and mechanical oil removal rate was 97.03%. 226
After degradation, the maximum intensity of mechanical oil content in S2 was 0.68%, 227
10.40%, and 19.45% lower than that in S1 in 5, 15, and 30 days, respectively ( Table 5 ). The 228 difference in mechanical oil content led to a significant (P<0.05) decrease between 15 and 30 days 229 than between 5 and 15 days, indicating that the mechanical oil content in the soil was further 230
reduced with the increase in degradation time (Fig. 4) .
232
Effects of solvent extraction-indigenous microbial degradation on soil microstructure 233
The organic matter content in the soil was in the order of S0 >> S1 < S2 (Fig. 5) , and the soil 234
water-holding capacity was in the order of S0 < S1 < S2 (Fig. 7) . S0 had an agglomerate structure, 235
the knot was obvious, water-holding capacity of S0 was only 31.37% (because drying treatment 236
increases the volatility of the original pollution factor, the actual water-holding capacity of S0 may 237 be lower than the measured value) and large fluctuations were observed during data processing. 238
After extraction with petroleum ether, most of the mechanical oil content in S1 was removed, so 239
the water-holding capacity of S1 was 68.20% higher than that of S0. However, the organic matter 240 content in S1 was reduced by 82.98% when compared with S0. The soil microstructure is shown 241
in Figure 6 ; the S1 agglomerate was greatly reduced but more compact. After inoculation of S2 242
with TB-6 and 30 days of natural growth, the organic matter content in S2 increased by 35.00% 243 when compared with S1, and the surface of S2 was rough with loose particles (Fig. 6) . The 244
water-holding capacity of S2 was 9.01% higher than that of S1 and 83.35% higher than that of S0 245 (as shown in Fig. 8 ). 246 247
Effects of solvent extraction-indigenous microbial degradation on plant growth 248
Root and leaf growth 249
The total length, chlorophyll content, nitrogen content, and root growth of alfalfa were in the 250 order of S0 < S1 < S2 ( Fig. 8 and Table 6 ). Forty-five days after planting, the growth of roots and 251 leaves in S0 was lower than the growth of roots and leaves in S1 and S2. The alfalfa in S2 showed 252 the best growth. 253
Physiological and biochemical indexes of the plants 254
Root vitality 255
In the plants, root vigor was in the order of S2 > S1 > S0 (Fig. 9a) ; plant root activity 256 significantly(P<0.05) increased by 44.60% in S2 when compared with S1, and it about 2.5 times 257 significantly(P<0.05) higher than that in S0.
258
Plant protein content 259
In the plants, protein content detected using the Bradford method was in the order of S2 > S1 260 > S0 (Fig. 9b) ; the total protein content of the plants in S2 increased by 0.083±0.007μg/μl when 261 compared with S1, which was higher than that of the plants in S0 (0.1871±0.021μg/μl). Soluble sugar content 263
In the plants, soluble sugar content was in the order of S0 > S2 > S1 (Fig. 9c) , and the soluble 264
sugar content of the plants in S0 was 39.16% and 30.00% significantly(P<0.05) higher than that in 265 S1 and S2, respectively. The soluble sugar content of the plants in S2 was 7.03% 266 significantly(P<0.05) higher than that of the plants in S1. 267
Malondialdehyde (MDA) content 268
In the plants, MDA content was in the order of S2 > S1 > S0 (Fig. 9d) , and MDA content in 269 the plants in S2 was 68.68% significantly(P<0.05) higher than that in S1 and about 2.25 times 270 significantly(P<0.05) higher than that in S0. The soil treatment increased the MDA content of the 271 plants.
272
Hydrogen peroxide content 273
In the plants, hydrogen peroxide concentration was in the order of S0 > S2 > S1 (Fig. 9e ).
275
Discussion 276
Effects of solvent extraction-indigenous microbial degradation on the soil 277
During the extraction process, Because of the "like-dissolves-like" rule (Montes 2003) 278 between the extraction solvent petroleum ether and mechanical oil in the soil, the mechanical oil 279
in the soil enters the solvent liquid phase and is mostly separated and removed after the extraction 280 solvent is added to the contaminated soil S0. However, because of the same rule, the extraction 281 solvent has a huge impact on the organic matter content in the soil, resulting in damage to soil 282 quality. With respect to microbial degradation, the mechanical oil available for TB-6 was reduced 283 (Pignatello and Xing 1996; Luo et al. 2004) , and the bioavailability was decreased (Tabak and 284 Govind 1997). On the basis of solvent extraction, the bioavailable degradation rate of strain TB-6 285
in the soil of the oil storage site reached 27.4% in 50 days. The solvent extraction-original 286 microbial degradation technology was used for the total mechanical oil content of the oil storage 287 site. The removal/degradation rate was 97.85%, and the residual mechanical oil content in S2 soil 288 was 1.815 mg/g. 289
After extraction by the organic solvents, most of the soil particles were unsupported and soil 290 bulk density increased, which caused soil consolidation in S1. This phenomenon is consistent with 291 that reported by previous studies (Zhuang et al. 1999; Xu and Wang 2005; Nawaz and Trolard 292 2013) . Although the organic soil content in S0 was very high (Fig. 6) , the molecular action of 293 petroleum hydrocarbons caused the aggregate structure to become tightly combined to form a knot; 294 moreover, the internal structure was unstable and easily deformed by the petroleum hydrocarbon 295 particles. After the inoculation of S1 by TB-6, the organic matter in the soil increased (Fig. 5) , and 296 the material support between the soil particles was supplemented by the action of microorganisms. 297
Simultaneously, the soil structure became loose because of the reduction in the number of 298 petroleum hydrocarbon particles, and the surface structure of the pellets became rougher. 299
The oil-containing aggregate structure of S0 showed reduced hydrophilicity, which resulted 300 in decreased water-holding capacity of S0 and data fluctuations. After the extraction, the 301 hydrophobic layer disappeared, and the water-holding capacity of S1 was restored. Because 302 microbial inoculation restores the organic matter content through the metabolic behavior of the 303 microorganism, the interstitial space between the soil particles in S2 was restored and the S2 304
surface was more crisp and rough (as shown in Fig. 6 ), increasing the water-holding capacity of 305 the soil aggregate structure (Mapa 1995; Rawls et al. 2003; Haverkamp et al. 2005) .
307 Effects of solvent extraction-indigenous microbial degradation on the plants 308
In S0, root growth and development were inhibited because of the presence of petroleum 309
hydrocarbons (Clarke and Ward 1994) ; the reduction of 1% 2,3,5-triphenyltetrazolium chloride 310 was low (Fig. 8) , which is consistent with the results of (Li et al. 1997; Ravanbakhsh et al. 2009 ). 311
After solvent extraction, the roots in S1 developed rapidly when compared with those in S0 312
because the hydrophobic layer formed by the mechanical oil on the soil aggregate was eliminated, 313
which restored the normal material exchange between the soil and plant. Therefore, alfalfa growth 314
was better in S1 than in S0. However, the extraction resulted in the loss of soil organic matter and 315 increased soil bulk density and compaction (Zhuang et al. 1999; Xu and Wang 2005) . Such knots 316 inhibit root growth (Nadian et al. 2010 ) and make it difficult to maintain nutrient circulation after 317 root growth because the organic matter content in the solvent-extracted soil is low; thus, root 318 activity was higher in S2 than in S1. After the microbial treatment, the plant growth in S2 319
improved further because of the effects of microbial remediation. This also confirms the findings 320
of Li et al. (1997) , who reported that the soil-water relationship is one of the most important 321
factors for assessing plant growth in bioremediated soils. Our findings show that the inoculated 322 microorganism promoted root activity in the plants, which may be attributable to the following 2 323 aspects:
324
(1) The microorganisms degrade the mechanical oil remaining in the soil after solvent 325 extraction, so inhibition of the growth and development of plant roots by the mechanical oil is 326
weakened. The use of microorganisms to degrade petroleum hydrocarbons reduces the uptake of 327 petroleum hydrocarbons from the soil during the growth and development of plant roots.
328
(2) The physiological activities of microorganisms cause plant roots to be vigorous. 329
Microorganisms inevitably produce metabolites, and these products stimulate the development of 330 plant roots. (Napora et al. 2014) and (Zhou et al. 2015) have reported the promotion of root 331 growth by microorganisms. 332
Small molecules of petroleum hydrocarbons may affect plant genes after the plants absorb 333 petroleum hydrocarbons (Pasquevich et al. 2013 ). Furthermore, protein synthesis was slowed 334 down or changed, resulting in less accumulation of proteins in the S0 environment than in the S1 335 and S2 environments. Solvent extraction reduced the amount of petroleum hydrocarbons in the 336 soil, restored the growth of plant roots in S1 and S2, and enhanced the ability of the plants to 337 obtain nutrients from the soil. Because of the intervention of TB-6, to some extent, the organic 338 matter lost in S1 was supplemented and nitrogen circulation in the plants was improved. Therefore, 339
the amount of protein synthesis in the plants in S2 was slightly improved when compared with S1 340 (Clement and Gessel 1985) . 341
In plants, soluble sugar is the main product and energy storage form of photosynthesis (Xia et 342 al. 1982) , and it helps during cold resistance (Wang 1996; Wang et al. 1998 ) and regulates 343 physiological activities (Zhao et al. 2006) . The plants in S0 had a much higher soluble sugar 344 content after solvent extraction because water circulation through the root system is hindered, 345
directly increasing the liquid concentration outside the plant cell. Therefore, soluble sugar content 346
will increase in the plant to maintain the osmotic pressure and ensure normal operation of the 347 physiological system (Yamane and Ichiro 1969; Zhang et al. 2016) . Improvement of soil organic 348 matter in S2 increased the quality of substances entering the plants and concentration of 349 extracellular liquid, resulting in an increase in the soluble sugar content.
350
MDA reflects the degree of peroxidative damage to the plant tissue or membrane lipids of 351 plant organelles, which is inconsistent with the plant growth shown in Figure 8 . The reasons for 352 such anomalies may be as follows:
353
(1) Because organic solvent extraction removes most of the organic matter from the soil, the 354 soil quality becomes poor. Simultaneously, soil compaction is observed, causing environmental 355 stress on the plants and increasing the MDA content (Liu and Wu 2010) .
356
(2) The physiological activities of the inoculated microorganisms induce an allelopathic 357 effect on the plants (Molisch 1938; Rice 1983) and cause them to have a stress response to the 358 environment and peroxidation of cell membranes and further increase in MDA content. Although 359 this allelopathic phenomenon caused an increase in MDA content, it also promoted the growth of 360 alfalfa. (Hasegawa et al. 1992) and (Li 1989) have reported the promoting effects of the 361 allelopathic phenomenon in plants.
362
(3) The level of plant development was lower in S0 than in S1. In addition, the plants in S2 363 grew better than those in S1 because of the effects of the microorganisms. Therefore, differences 364
in the MDA contents may be attributable to the differences in plant growth levels in the 3 types of 365 soils.
366
In S0, the petroleum hydrocarbons caused obvious stress to the plants, which resulted in 367 increased accumulation of hydrogen peroxide (Gechev and Jacques 2005; Ireneusz et al. 2007 ).
368
After solvent extraction, the hydrogen peroxide content in the plants in S1 was reduced by 10.07% 369
when compared with S0. The environmental stress induced by TB-6 increased the hydrogen 370 peroxide content slightly in the plants; however, in general, hydrogen peroxide content in alfalfa 371
in S2 was normal. Therefore, only a slight fluctuation was observed between the hydrogen 372 peroxide contents in S1 and S2. 373 374
Conclusions 375
The purpose of this study was to use an effective chemical-biological treatment scheme to 376 efficiently remove high concentrations of mechanical oil from contaminated soil and reduce the 377 damage caused by chemicals to soil quality. This study mainly consisted of three parts, i.e., 378
screening and domestication of in situ microorganisms, analysis of the effects of solvent 379 extraction-indigenous microbial degradation on soil quality, and evaluation of the effects of 380 solvent extraction-indigenous microbial degradation on plant growth. 381
The solvent extraction removed 97.03% of the mechanical oil in the contaminated soil, 382 reduced soil agglomeration, increased water-holding capacity by 68.20%, and restored the 383 material exchange capacity between plants and soil. It also enhanced root activity and soluble 384 sugar, protein, and hydrogen peroxide contents in the alfalfa plants. However, 82.98% of the 385 organic matter in the soil was depleted, making the soil more compact and affecting soil quality. 386
Although solvent extraction helps to remediate soils contaminated by mechanical oils, it also 387 causes great loss to soil organic matter; therefore, inoculation of microorganism could be used to 388 ameliorate the adverse effects of solvent extraction on contaminated soils. 389
The solvent-extracted soil was inoculated with TB-6 for 30 days; the degradation rate was 390 19.45%. For 50 days the mechanical oil content in the soil decreased to 1.815 mg/g and The 391
bioavailability was stable at about 27.4%. This means the solvent extraction-indigenous microbial 392 degradation technology removed/degraded mechanical oil from the contaminated soil at a rate of 393 97.85% at last. The strain made the soil particles after solvent extraction loose and rough, soil -10 -394 organic matter content increased by 35.00%, water-holding capacity increased by 9.01%, root 395 activity of alfalfa increased by 44.60%, plant protein content increased by 0.0198 mg/ml, and 396 soluble sugar content increased by 7.03%. This indicates that the strain TB-6 has a good repairing 397 effect on the contaminated soil after solvent extraction. 398
Inoculation of the soil with TB-6 induced the allelopathic effect on the alfalfa plants, and the 399 MDA content of the plants increased further. To ensure that soil function is not affected, it is 400 necessary to study the allelochemicals produced by TB-6. Table 1 Degradation rate of strains during 5 days of rescreening Degradation data are given as the mean ± SD for 3 Erlenmeyer flask of in each group. Table 2 The biomass and degradation rate of the domesticated strain Degradation data are given as the mean ± SD for 3 Erlenmeyer flask of culture solution in each group. Table 3 Morphological characteristics of the TB-6 strain Table 4 Physiological and biochemical characteristics of the TB-6 strain Note: +, positive; -, negative. Table 5 Maximum intensity of GC-MS peaks in mechanical oil content in soil S2 Values from the detection report of Analysis and Testing Center of Chongqing University, Chongqing, China Table 6 Whole plant development Note: -, undeveloped; +, developed with good density; ++, excellent density. Values are given as the mean ± SD for 5 plants in each group.
